Gene expression and replication of poliovirus are controlled by a complex cascade of proteolytic processing events which are mediated mostly by two viral gene products, 2A protease (2A pro ) and 3C protease (3C pro ) (15) . 3C pro is an active enzyme which catalyzes the bulk of the viral polyprotein processing, cleaving the viral polyprotein at eight distinct sites in highly controlled reactions which ultimately result in the production of over 21 processed polypeptides and precursors. In this scheme of regulation, the protease is catalytically active in different forms, and it has been shown that 3C pro and 3CD polypeptide catalyze cleavages at different sites (12, 34) . In addition, it has now been demonstrated that the 3C pro domain of 3CD polypeptide functions (probably in a nonproteolytic mechanism) (1, 2) in RNA replication and may possess an RNA-binding site. Moreover, 3C pro has also been shown to use certain cellular transcription factors as substrates (6) (7) (8) 13 ). These data demonstrate that 3C pro performs multiple functions for the virus.
Similarly, 2A pro is emerging as a multifunctional polypeptide. 2A
pro was originally described as catalyzing an essential cleavage of the viral polyprotein at a tyrosine-glycine pair at the 1D-2A junction (24, 31) and another, nonessential cleavage within the viral 3D polymerase sequence in some strains of poliovirus (16) . Poliovirus 2A pro is also known to indirectly cause shutoff of host cell protein synthesis (30) via a mechanism involving activation of an uncharacterized 57-kDa cellular proteinase which cleaves the p220 component of eukaryotic initiation factor 4 (14, 32, 33) . Recent studies also showed that purified rhinovirus or coxsackievirus 2A pro produced in Escherichia coli can cleave p220 directly, suggesting that 2A pro may contribute to p220 cleavage both through direct and indirect mechanisms in vivo (17, 29) . Mutagenesis studies have suggested that 2A
pro -mediated activation of this cellular proteinase is catalytic in nature (11, 36) . More recently, 2A
pro has been proposed to enhance translation of poliovirus RNA (10, 27) ; however, the absolute importance of this function is unclear, since virus RNA translates efficiently in HeLa cell extracts and translation is catalyzed during infection before 2A pro has been synthesized. Although it is reasonable to speculate that 2A pro has evolved primarily for the dual functions of primary processing of the viral polyprotein by cis cleavage of its own amino terminus and specific inhibition of host cell protein synthesis by trans activation of p220 cleavage, it is possible and has been suggested that the latter activity is dispensable. Thus, restriction of host cell translation may not be essential for productive poliovirus replication and may merely facilitate virus yields and pathogenesis in vivo. Bernstein et al. (3) and then O'Neill and Racaniello (25) first suggested that host cell shutoff might not be essential for virus replication in tissue culture when they each described a viable mutant virus containing a small amino acid insertion in 2A pro which was defective in p220 cleavage and host cell shutoff phenotypes. However, understanding of these mutant viruses was complicated because alterations in 2A pro -mediated cis cleavage of the viral polyprotein were not assessed.
Other reported studies of 2A pro functions in vivo utilized either catalytically inactive protease or large deletions and thus did not allow separate analysis of the trans function of 2A pro since all activities were lost. In contrast, while our current work was in progress, Molla et al. (22) The studies reported here also separate cis and trans cleavage functions of 2A pro by a different strategy. We previously generated a panel of point mutations in 2A pro by site-specific mutagenesis and characterized the cleavage function of these mutant enzymes by several in vitro assays (36, 37) . Three 2A pro mutants, D38E, Y88L, and Y89L (in our nomenclature D38E indicates that the aspartic acid at position 38 was changed to glutamic acid), were fully active in autocatalytic cis processing yet failed to activate p220 cleavage in trans. Since these mutants were deficient in only one of the two known cleavage functions of 2A pro , in theory it became possible to test the biological importance of p220 cleavage and host cell shutoff for viral replication in vivo without altering normal processing of the viral polyprotein. Thus, in this study, several of these point mutations in 2A pro were introduced into full-length poliovirus RNAs which were then characterized in vitro and in vivo. Unexpectedly, viral replication was found to be defective upon transfection of cells with several mutant viral RNAs, suggesting that a critical function of 2A pro in RNA replication had been blocked.
MATERIALS AND METHODS

Construction of plasmids.
Five mutant plasmids of pEP2A (D38E, Y88L, Y88F, Y88S, and Y89L) were previously constructed (36); each plasmid contained a single-base (for D38E, Y88S, or Y88F) or double-base (for Y88L and Y89L) change in the 2A gene of type 1 poliovirus cDNA. The cDNA segment containing the mutation site was cloned into a full-length poliovirus transcription vector by inserting the 596-bp KpnI fragment of the mutagenized plasmid pEP2A into the 9,803-bp KpnI fragment of plasmid pT7-1 (35) . Three full-length mutant poliovirus cDNAs [pT7(D38E), pT7(Y88L), and pT7(Y89L)] were thus generated. Alternatively, the 1,341-bp SpeI fragment from pEP2A (spanning the 2A gene, nucleotides 2650 to 3991) was ligated into the SpeI site of pGEM5zf(ϩ), forming plasmid pGP2A. The internal 596-bp KpnI fragment was then replaced with the same KpnI fragment purified from pEP2A, pEP2A(Y88S), or pEP2A(Y88F). The 1,341-bp SpeI fragment from these new plasmids was then ligated into the 9,058-bp fragment resulting from a SpeI digest of pT7-1, thus recreating the wild-type (WT) full-length poliovirus cDNA pT7-1(SWT) or generating the mutants pT7-1(Y88F) and pT7-1(Y88S). The sequence of each plasmid was verified through the 2A gene region by using a Sequenase (United States Biochemicals) kit according to the manufacturer's directions.
In vitro transcription and translation. DNAs from pT7 plasmids were linearized with SalI and used as the template for transcription reactions, which were performed with T7 RNA polymerase as specified by the manufacturer (Promega). pEP2A (36) and pT7-3916 (19) DNAs were linearized with HincII and used as templates similarly. After incubation, an aliquot of the reaction mixture containing RNA transcripts was used for transfection experiments without further purification. Alternatively, RNA products were then subjected to phenol-chloroform extraction and ethanol precipitation and used for in vitro translation reactions. Translation reactions were carried out in HeLa cell-free lysates as previously described (23) .
Immunoblot analysis. Induction of p220 cleavage in vitro was assayed directly from HeLa cell-free lysates containing the translation products, which were subjected to immunoblot analysis with p220-specific rabbit antiserum (20) .
RNA transfection. Monolayers of HeLa S3 or HEp-2 cells grown in Eagle minimum essential medium supplemented with 10% calf serum were used for RNA transfection by the DEAE-dextran method described previously (4) . Cells were then overlaid with liquid medium or with semisolid medium containing 0.45% agarose (SeaKem) and incubated at 28, 32, or 37ЊC for 2 to 14 days for development of cytopathic effect (CPE) or plaques. If no CPE or plaques were detected after 10 days, the media and cell lysates collected at 3 or 5 days posttransfection were used to infect fresh HeLa and HEp-2 cells for detection of subsequent CPE and plaques.
Northern (RNA) blot hybridization. Total cytoplasmic RNAs from transfected cells were isolated by acid guanidinium thiocyanate-phenol-chloroform extraction (5) or lysis in detergent followed by phenol extraction. For the latter procedure, cells were scraped off dishes with a rubber policeman, washed once with cold Earles balanced salt solution, and then resuspended in 10 cell pellet volumes with 10 mM NaCl-10 mM Tris (pH 7.4)-1.5 mM MgCl 2 -1% Nonidet P-40 for 30 s before sedimentation at 13,000 ϫ g for 30 s. Cell lysates (240 l) were removed, combined with 100 l of PVS solution (2% sodium dodecyl sulfate [SDS], 0.1 mM polyvinylsulfate, 20 mM EDTA), and then extracted with equal volumes of phenol saturated with TNE (150 mM NaCl, 10 mM Tris [pH 8.4], 5 mM EDTA). The aqueous phase was reextracted with TNE-saturated phenol, and then RNA was precipitated with sodium acetate and ethanol. Five micrograms of RNA from each sample was denatured with 2.2 M formaldehyde and 50% formamide and fractionated on 1% formaldehyde-agarose gels. RNA was then passively transferred onto nitrocellulose paper and hybridized with a DNA probe, which was obtained by digestion of pT7-1 DNA with BamHI. The resulting 1,429-bp fragment encompassing most of the P1 gene region was gel purified and labeled with [ 32 P]dATP by the random-priming method (Prime-aGene kit; Promega). Prehybridization and hybridization procedures were performed as described previously (28) .
Reverse transcription and PCR. For experiments in which PCR was employed, RNA transcription products were treated with 5 U of RQ1 DNase (Promega) before transfection of cells. Total RNA was prepared from transfected cells and subjected to reverse transcriptase (RT)-PCRs. The oligonucleotide primer H (5Ј ggattcggacaccaaaacaaagcgg 3Ј) (plus strand, nucleotides [nt] 3385 to 3409) was used for synthesis of cDNA on the negative-strand viral RNA template. cDNA was synthesized for 45 min at 42ЊC in 25-l reaction mixtures containing 40 mM KCl, 50 mM Tris (pH 8.3), 7 mM MgCl, 10 mM dithiothreitol, 200 M deoxynucleoside triphosphates (dNTPs), 12 g of cytoplasmic RNA, 0.5 mol of primer H, 15 U of avian myeloblastosis virus RT (Promega), and 25 U of RNAsin (Promega). An additional oligonucleotide, primer G (5Ј gcggccccaagtgactctatg 3Ј) (complementary to nt 3843 to 3863), was used for PCRs. Briefly, 10-l portions of RT reaction products were added to 100-l reaction mixtures containing 20 mM Tris (pH 8.3) (25ЊC), 20 mM KCl, 0.2 mM dNTPs, 3 mM MgCl, 0.5 mol (each) of primer G and primer H, and 2 U of Taq polymerase (Gibco/BRL). Each cycle consisted of a denaturation step at 94ЊC for 1 min, annealing at 62ЊC for 2 min, and extension at 72ЊC for 3 min. DNA synthesis was carried out for 30 cycles with a DNA thermal cycler (Perkin-Elmer Cetus).
RNA sequencing. Cytolytic viruses appearing in cells after transfection were sequenced directly with RT through the 2A pro gene. Briefly, virus plaques were picked from primary transfection cultures and expanded by growth in 1 ϫ 10 6 HeLa cells for 3 days, and then supernatants were used to infect 2 ϫ 10 7 HeLa cells at a multiplicity of infection of 10. Infected cells were harvested at 8 h postinfection, and total RNA was hybridized with the DNA oligonucleotide primer G (complementary to nt 15 to 31 of the 2B sequence) or with primer A (5Ј tgc gaa tcc atg gcc 3Ј), which binds internally in the 2A pro region (nt 3679 to 3693; 2A pro codons 100 to 104). Sequencing reactions were carried out with the avian myeloblastosis virus RT (RNA sequencing kit; Boehringer-Mannheim) and dideoxynucleotides as described by the manufacturer. Alternatively, lowyield viral RNA sequences in primary transfected cells were amplified by RT-PCR before sequencing of cDNA products. The 482-bp product was gel purified and sequenced by using primer G or A and the Sequenase kit (United States Biochemicals) according to the manufacturer's instructions.
RESULTS
Effects of the mutations on in vitro processing of the viral polyprotein. Five single-site mutations (D38E, Y88L, Y88F, Y88S, and Y89L) in 2A pro were previously introduced by site-specific mutagenesis into the parental plasmid pEP2A, which contained a subgenomic segment of type 1 poliovirus cDNA (36) . The predicted translation product of the plasmid pEP2A was a precursor polypeptide containing the carboxylterminal portion of poliovirus VP3 (1C), all of VP1 (1D), and 2A pro . Since the intact 1D-2A junction was preserved in this construct, it provided an immediate assay for the autocatalytic cis cleavage function of 2A pro . When these RNA transcripts were translated in rabbit reticulocyte lysates, the resultant mutant 2A
pro retained the active cis cleavage function at the 1D-2A junction. However, three 2A pro mutants (D38E, Y88L, and Y89L) failed to activate p220 cleavage in trans when incubated with uninfected HeLa cell cytoplasmic extracts (36) . Two other point mutants with mutations at position 88 displayed WT (Y88F) or partial trans (Y88S) cleavage activity. Since these mutants exhibited a range of trans cleavage activities in vitro and since three were defective only in the p220ase activation function of 2A pro , they were used in this study to examine the biological importance of other 2A
pro functions, such as host protein shutoff, in the life cycle of poliovirus. Therefore, we introduced each of these point mutations into full-length poliovirus cDNA, generating five full-length mutant viral cDNAs which were used in all subsequent experiments. The effect of these 2A pro mutants on proteolytic processing of the complete viral polyprotein was first examined in vitro. Mutant or WT pT7 plasmids were linearized and transcribed with T7 RNA polymerase, resulting in RNA transcripts which contained the mutation in 2A pro or WT sequence, 19 extra nucleotides at the 5Ј terminus, and 31 extra nucleotides at the 3Ј terminus following the poly(A) tract but which were otherwise identical to poliovirus mRNA. Figure 1 shows the products of in vitro translation reactions in HeLa cell lysates programmed with several viral RNAs. Reactions programmed with T7 RNA polymerase-transcribed WT RNA or reconstructed wild-type (SWT) RNA (lanes c and i) as well as the mutant poliovirus RNAs (lanes d, e, f, j, and k) yielded protein products that were indistinguishable from those synthesized by cell-free translation of purified virion RNA (lanes b and h) . In particular, the equivalent appearance of P1, VP1, and 2A pro in processed products of the WT and mutant polyproteins indicated the existence of an active autocatalytic cis cleavage function of these 2A pro mutants. Although 2A pro is difficult to visualize in the weaker translation reaction programmed with Y88F RNA (Fig. 1, lane j) (caused by partial degradation of RNA), we judged its cis cleavage activity to be efficient from other translation experiments (not shown) and by the lack of unique unprocessed proteins larger than P1. Further, with all the constructs, no secondary modulation in the efficiency of 3C pro -catalyzed processing was observed. Thus, all five 2A pro mutants tested (D38E, Y88L, Y88F, Y88S, and Y89L) catalyzed normal proteolytic processing of the viral polyprotein when assayed in vitro.
Effects of the mutations on in vitro induction of p220 cleavage. To determine whether the 2A pro mutants were capable of activating p220-specific proteinase in trans, HeLa cell-free lysates containing translation products of the mutant viral RNAs were analyzed by immunoblotting with p220-specific antiserum. Translation products of WT virus RNAs and mutants Y88F and Y88S (Fig. 2, lanes d, j, k , and l) induced extensive cleavage of p220 into a set of smaller polypeptides, which comigrated with the p220 cleavage products from poliovirus-infected cells (Fig. 2, lanes b and i) . The relative activity of Y88S 2A pro appears somewhat higher under these conditions than in previous studies, in which it was expressed in reticulocyte lysates from a subgenomic construct (36) but, in repeat experiments, was not as active as WT 2A pro . Meanwhile, translation products from virion RNA usually induced the greatest amount of p220 cleavage, probably because of a higher level of translational efficiency (Fig. 2, lane c) . In contrast, no new specific p220 cleavage products were generated in HeLa cell-free lysates programmed with the mutant viral RNAs D38E, Y88L, and Y89L ( Fig. 2 ; compare lane a with lanes e, f, and g). We conclude that when assayed in vitro, three 2A pro mutants (D38E, Y88L, and Y89L) were still defective in induction of p220 cleavage but were fully active in the autocatalytic cis cleavage function. Further, each 2A pro mutant displayed similar phenotypes whether expressed in full-length genomic constructs or in subgenomic constructs, as previously observed.
Effects of 2A pro mutations on virus viability. The five point mutations (D38E, Y88F, Y88S, Y88L, and Y89L) in 2A pro were then tested for their effects on virus viability. The full-length poliovirus RNAs were transfected into HeLa, HEp-2, or COS-7 cells and incubated at 28, 32, or 37ЊC to test their infectivities by plaque development. Since three mutants did not activate p220 cleavage, defective host protein shutoff and perhaps a less cytopathic virus were anticipated for some constructs. As expected, transfection of cells with WT viral RNA or Y88F (which exhibited the WT phenotype) viral RNA consistently produced many plaques, within 24 h at 37ЊC or 96 h at 32ЊC (Fig. 3 ). Cells transfected with Y88L viral RNA often produced a few plaques by 50 h at 37ЊC or 96 h at 32ЊC. In contrast, no CPE or plaques developed in cells transfected with Y88S, D38E, or Y89L viral RNA at any temperature following nine independent transfections ( Table 1) . The type of cell transfected had no observable influence on the absolute recovery of cytopathic virus, except transfection efficiencies seemed to be about fivefold higher in COS-7 cells than either HeLa or HEp-2 cells (data not shown). Additionally, no CPE or plaques were detected when cell lysates or culture media obtained 3 or 10 days posttransfection with D38E, Y88S, or Y89L RNA were used to infect fresh HeLa or HEp-2 cells at 32 or 37ЊC. Therefore, two of three point mutations in 2A pro which abrogated only trans cleavage activity prevented production of cytopathic poliovirus. Interestingly, Y88S RNA, which was determined to produce 2A pro active in both cis and trans cleavage activities in the full-length construct, also did not produce detectable cytopathic virus.
Viral RNA synthesis in cells transfected with mutant RNA. To determine whether these mutant viral RNAs could replicate in transfected cells without producing marked CPE, total cytoplasmic RNAs were isolated from transfected cells at various times, fractionated on denaturing formaldehyde-agarose gels, and hybridized with a poliovirus-specific [ Table 1 . The Y88F mutation in 2A pro had little detectable effect on virus replication and produced a relatively stable, cytolytic virus. In contrast, in two instances when cells transfected with Y88S RNA replicated enough to be detectable by Northern analysis, sequencing of product RNAs revealed that the original TCT (Ser) mutation had been replaced with TTT (Phe, which displays a wild-type phenotype) or TGT (Cys). Another Y88S transfection in which Northern analysis did not reveal RNA replication contained Y88S negative-strand RNA which was detected by RT-PCR. Thus, the Y88S mutation was associated with a low level of RNA replication which was partially relieved by a secondary mutation at the same codon. Interestingly, the lysine mutation at the same codon (Y88L) was tolerated better in vivo, since minus-strand RNA bearing this mutation was recovered several times. Taken together, these results show that the introduction of point mutations into   FIG. 2 . Induction of p220 cleavage by in vitro translation products of mutant poliovirus RNAs. Translation reactions were programmed with full-length transcripts of WT T7-derived RNA (lanes d and j) or its mutagenized derivatives (lanes e to g, k and l), and reaction mixtures were incubated at 30ЊC for 3 h. Reactions were also programmed with no RNA (lanes a and m) , poliovirus RNA isolated from virions (lane c), or 2A
pro RNA from pEP2A (lane o). HeLa cell-free lysates containing translation products were analyzed on SDS-7% polyacrylamide gels and immunoblotted with polyclonal antiserum specific for p220. Pv cyt extract (lanes b and i), cytoplasmic extract from poliovirus-infected HeLa cells. U-RSW (lane h), ribosomal salt wash from uninfected cells, which contains concentrated levels of p220 and is used as a standard. Positions of p220 and poliovirus-induced p220 cleavage products (cp) are indicated.
FIG. 3. Production of cytopathic poliovirus by transfection of mutant viral
RNAs. COS-7 cells transfected with indicated viral RNAs were overlaid with 0.45% agarose and incubated for 96 h at 32ЊC before being stained with crystal violet. Small inconsistencies in the cell monolayer in Y88S and D38E were also seen in nontransfected cells (not shown) and were not associated with cells exhibiting detectable CPE under microscopic examination. SWT, reconstructed WT RNA. 
a SWT, reconstructed WT RNA; ϩϩϩ, activity Ն90% of WT level; ϩϩ, activity 10 to 90% of WT level; ϩ, activity 1 to 10% of WT level; Ϫ, activity undetectable; ND, not determined.
b Sequences were determined from plaque-purified progeny virus in infected cells (SWT and Y88F) or from RT-PCR cDNA products (Y88S and Y88L) at 48 h posttransfection.
c Results of three separate transfection experiments are listed.
2A
pro at three loci strongly influences the ability of viral RNA to replicate in vivo.
DISCUSSION
Until recently, only two distinct functions had been described for 2A pro : processing of the viral polyprotein, in particular, catalyzing the initial cleavage of the polyprotein which releases the P1 structural protein precursor; and inhibition of host cell protein synthesis (3, 30) , through activation of a cellular proteinase which cleaves the p220 component of eukaryotic initiation factor 4F (33) as well as via direct cleavage of p220 (17, 29) . Although shutoff of host cell protein synthesis is generally believed to be important for a productive poliovirus infection, it is still unclear whether this is an essential function to support replication in cells. Previously, two mutant viruses with small-plaque phenotypes were generated by small insertions in the 2A gene (3, 25) . Although each of these viruses was defective in the host cell shutoff phenotype, interpretations of the contribution of this defect to the small-plaque phenotype were complicated by uncertain phenotypes of polyprotein processing and/or leakiness of the mutants. Nevertheless, the relative viabilities of these viruses and the ability of WT virus to replicate in erythroblastoid cells without inhibiting host translation (18) suggested that host cell shutoff may not be requisite for virus replication in tissue culture cells.
In this study, we introduced five 2A pro point mutations into full-length virus RNA, three of which (D38E, Y88L, and Y89L) were previously shown to encode 2A pro specifically lacking trans but not cis cleavage function (36) . Therefore, we could test the contribution of trans functions of 2A pro to virus replication without complications arising from poor or improper polyprotein processing. When the full-length viral RNAs containing these three point mutations were translated in HeLa cell lysates in vitro, the efficiency of translation was unaffected compared with that of WT viral RNA. Both 2A pro -and 3C
pro -mediated processing were normal and p220 cleavage was not observed, thus verifying the same phenotype in full-length clones as previously observed in smaller subgenomic constructs. Thus, transfection of these mutant viral RNAs was expected to produce small plaques at delayed times or perhaps even generate a persistent infection with production of noncytopathic viruses. Indeed, cytopathic viruses were not recovered after transfection with two of these mutant viral RNAs. Surprisingly, however, no synthesis of virus-specific RNA was detected by Northern blot analysis after transfection of the D38E and Y89L mutant viral RNAs, which caused us to conclude that viral RNA replication was severely inhibited and that noncytopathic viruses were not produced as well. In the case of Y88L, virus production was delayed and reduced in titer. Therefore, each of the three point mutations in 2A pro which inactivated trans functions proved either to be lethal or deleterious for poliovirus replication.
Interestingly, while the Y88S mutation in 2A pro reduced RNA replication significantly, enough replication occurred to enable mutation of input sequences by the RNA polymerase in two instances, to Y88F or Y88C. Both of these changes were associated with higher levels of RNA replication, and both changed the relatively hydrophilic serine to a more hydrophobic amino acid.
There are three interpretations for the effects that these 2A pro mutations have on the replication cycle of poliovirus. First, the lethality of these mutations may simply suggest that the ability to shut off host translation is critical to the virus. However, the fact that the mutant Y88S, which induced p220 cleavage in vitro, was still defective in RNA replication suggests that lack of host cell shutoff may not be the cause of the major replication defect. Also, Y88L RNA, which encodes a 2A pro which could not induce p220 cleavage, was able to replicate more efficiently than Y88S RNA, which does cause p220 cleavage. Further, several lines of evidence suggest that poliovirus can survive and replicate in cells without inducing host protein shutoff. These include reports of successful replication and propagation of two distinct virus mutants, containing short insertions in 2A pro , each of which did not shut off host translation in HeLa cells and did not induce significant p220 cleavage (3, 25) . Human K562 cells can be persistently infected with WT poliovirus without inducing host cell shutoff and are able to support replication at levels of 70 to 150 PFU per cell (18) . Similarly, persistent infection of neuroblastoma cells proceeds without host protein shutoff (26) . Thus, loss of shutoff function may cause a reduction in overall virus yield but is likely not requisite for replication in tissue culture cells. Second, it is formally possible that the observed effects of 2A pro mutants could be mediated through repression of viral RNA translation in vivo. However, the translation transactivation function of 2A pro described previously was not nearly as dramatic in intensity as seen here (10, 27) , and no differences in in vitro translation rates of viral RNAs encoding WT and mutant 2A pro were observed. Third, our results suggest that 2A pro may be a multifunctional protein which mediates another unknown function(s) which is required for virus replication, as has been shown for 3C pro . Pleiotropic functions have been recently described for poliovirus 3C pro in the precursor form 3CD, which was suggested to bind viral RNA and function in replication (1, 2) . Although the specific function of 2A pro which was adversely affected in our mutants has not yet been identified, our results imply that some 2A pro -mediated function(s) besides the initial polyprotein processing and p220 cleavage is essential for productive poliovirus replication. These results strongly support those recently reported by Molla et al. (22) and strengthen the evidence that a new function of 2A pro is closely linked to productive poliovirus RNA replication. It is possible that 2A pro may play a pivotal role in viral replication and translation by interacting with certain host factors, other viral proteins, or even, in keeping with the 3C pro analogy, viral RNA. It is significant that the 2A polypeptide of encephalomyocarditis virus has been previously reported to bind RNA (9), and genetic evidence for direct interactions between 2A pro and the 5Ј nontranslated region of poliovirus RNA has been recently described (21) . It is possible that the unknown role of 2A pro in viral RNA replication is achieved through an RNA-binding function. Experiments to test this hypothesis directly are under way.
